Abstract Freeman-Sheldon syndrome (FSS), as first described by Freeman and Sheldon in 1938, is a morphologically well-defined syndrome that results in a dysmorphic status combining bone anomalies and joint contractures with characteristic facies. It is part of the nosologic group of pathologies currently known as distal arthrogryposis as reported by Hall et al. (Am J Med Genet 11:185-239, 1982 [1]). It is a rare disorder and its exact prevalence is unknown. Our objective is to report a case of FSS presenting with microstomia and add a brief review of the literature for similar cases.
Introduction
Freeman-Sheldon syndrome (FSS), also termed distal arthrogryposis type 2A (DA2A), craniocarpotarsal dysplasia (or dystrophy), Cranio-carpo-tarsal syndrome, Windmill-Vane-Hand syndrome, or Whistling-face syndrome, was originally described by Freeman and Sheldon in 1938 . [2, 3] It is a rare form of multiple congenital contracture (MCC) syndromes (arthrogryposes) and is the most severe form of distal arthrogryposis (DA) [4] [5] [6] .
Freeman-Sheldon syndrome is a condition that primarily affects the face, hands, and feet. People with this disorder have a distinctive facial appearance including a small mouth (microstomia) with pursed lips, giving the appearance of a whistling face. For this reason, the condition is sometimes called ''whistling face syndrome. '' Epidemiological data for the prevalence of FSS are not available, but less than 100 cases have been reported in the literature.
Most reported cases of FSS occur sporadically with no family history of the disease, though there are reports of a specific pattern of autosomal dominant inheritance in several families [7, 8] . Temtany and McKusick [9] observed that FSS affected two generations of three different families. However, there are also reports of the syndrome suggesting an autosomal recessive inheritance; in other words, of affected children born to parents who were clinically normal but possible carriers (heterozygotic) of the gene responsible for the syndrome [10] [11] [12] [13] [14] .
The mother gave a history that the patient, as a child experienced feeding difficulties in the neonatal period due to a poor suckling, possibly because of an inability to form a tight seal around the nipple as a consequence of the microstomia and contractures of the circumoral muscles which is typical of such cases.
She had a history of recurrent chest infection on change of weather conditions. She manages her routine activities pretty well but was not involved in any sort of school sports activities as she could not run at a fast pace.
Cognitive development was appropriate for chronological age. She was calm and interacted well with the examiner. Vision and hearing were apparently normal.
Physical examination indicated weight as 18 kg, height of 3 ft, pulse at 82 bpm. Cardiac auscultation indicated that sounds were phonetically normal, without murmurs. The lungs were free of any problems. Patient did not have any visceromegaly. Spinal column had no pathological deviations which is an atypical finding in such cases. Ophthalmic evaluation revealed mild telecanthus and ptosis of the left eye (Fig. 2) . Puckered lips (fused commissura labiorum) mimicking the act of whistling was noted with micrognathia (Fig. 3) . ''H''-shaped cutaneous dimpling on the chin which is a characteristic feature of cases of FSS was an obvious feature noted (Fig. 4) .
Intra oral examination revealed a small tongue, higharched palate, mild crowding in both the arches and delayed eruption of permanent teeth (Fig. 5 ). All teeth were caries free and had no obvious periodontal pathology (Fig. 6) .
A short neck along with muscle contractures leading to an inability of completely extend the neck was noted. The patient could not raise her arms above the shoulder level. Further treatment planning and investigations like full craniofacial radiographs was postponed as the patient insisted on delaying surgical intervention for correction of microstomia at a later date.
Discussion
Freeman-Sheldon syndrome is a type of distal arthrogryposis, related to distal arthrogryposis type 1 (DA1) [15] . In 1996, more strict criteria for the diagnosis of FSS were drawn up, assigning FSS as DA2A [6] .
In March 2006, Stevenson et al. [16] published diagnostic criteria for DA2A. Antley et al. [17] also established certain diagnostic criteria for FSS. In an attempt to classify the distal arthrogryposis, Bamshad et al. [18] identified a total nine disorders related to FSS.
FSS is understood as part of a group of disorders that concur with congenital multiple contractures. A congenital contracture is a structural deformity that hinders normal flexion and/or extension of a specific area of the body. The presence of contractures in one or more areas of the body of newborn infants is usually called arthrogryposis. This term is, however, merely descriptive and not pathognomonic nor diagnostic. Interestingly, it is common for FSS children to be considered as simple cases of arthrogryposis before a final diagnosis of the syndrome. However, not all arthrogryposis children have FSS. Likewise, the presence of craniofacial deformities suggestive of FSS but not concomitant with arthrogryposis are a rare condition, and the deformities alone do not allow for diagnosis of FSS. Toydemir et al. [19] described the only case in the literature until the present time related to a child with whistling face phenotype without limb abnormalities, the patient being born to normal and nonconsanguineous parents.
Growth parameters during the prenatal and perinatal periods are usually within the range of normal. Gross and fine motor milestones may be achieved somewhat later than age-matched controls but virtually all affected individuals become ambulatory without assist devices. Speech and language are rarely delayed. Overall facial movement, however, may be diminished.
The intelligence of patients is usually reported normal, though there are occasional reports of association with mental retardation, especially in cases with combined important structural anomalies of the central nervous system. Approximately one-third have some degree of intellectual disability.
Affected individuals may have a number of abnormalities that affect the eyes. These may include hypertelorism, deep-set eyes, outside corners of the eyes that point downward (down-slanting palpebral fissures), a narrowing of the eye opening, ptosis and eyes that do not look in the same direction (strabismus).
Freeman-Sheldon syndrome is also characterized by joint deformities and contractures that restrict movement. People with this disorder typically have multiple contractures in the hands and feet at birth. These contractures lead to permanently bent fingers and toes (camptodactyly), a hand deformity in which all of the fingers are angled outward toward the fifth finger (ulnar deviation, also called ''windmill vane hand''), and inward-and downward-turning feet (clubfoot). Affected individuals may also have a spine that curves to the side (scoliosis).
Pneumonitis and bronchitis often follow seemingly mild upper respiratory tract infections.
Freeman-Sheldon syndrome may be caused by mutations in the MYH3 gene. The MYH3 gene provides instructions for making a protein called embryonic skeletal muscle myosin heavy chain 3. Myosin and another protein called actin are the primary components of muscle fibers and are important for muscle contraction. Embryonic skeletal muscle myosin heavy chain 3 forms part of a myosin protein complex that is active before birth and is important for normal development of the muscles.
Some people with FSS do not have mutations in the MYH3 gene. In these individuals, the cause of the disorder is unknown. Freeman-Sheldon syndrome can have different inheritance patterns. In some cases, the condition is inherited in an autosomal dominant pattern, which means one copy of the altered gene in each cell is sufficient to cause the disorder. The condition can also have an autosomal recessive inheritance pattern, which means both copies of the gene in each cell have mutations. The parents of an individual with an autosomal recessive condition each carry one copy of the mutated gene, but they typically do not show signs and symptoms of the condition.
Bekir et al. [20] are among those who described the case of two siblings affected by FSS and who were born to normal parents. Despite the syndrome being a result of autosomal recessive inheritance, the authors, nevertheless, indicated that this could be explained by genetic expression of the mutant gene in one of the parents.
Patients must have early consultation with craniofacial and orthopedic surgeons, when craniofacial [21] [22] [23] , clubfoot [24] , or hand correction [25] [26] [27] [28] is indicated to improve function or aesthetics. Operative measures should be pursued cautiously, with avoidance of radical measures and careful consideration of the abnormal muscle physiology in FSS. Unfortunately, many surgical procedures have suboptimal outcomes, secondary to the myopathy of the syndrome.
When operative measures are to be undertaken, they should be planned for as early in life as is feasible, in consideration of the tendency for fragile health. Early interventions hold the possibility to minimize developmental delays and negate the necessity of relearning basic functions.
People with FSS also have an increased risk of developing a severe reaction to certain drugs like muscle relaxants and anesthetic gases used during surgery. This reaction is called malignant hyperthermia. Malignant hyperthermia presents with muscle rigidity, breakdown of muscle fibers (rhabdomyolysis), a high fever, increased acid levels in the blood and other tissues (acidosis), and a rapid heart rate. The complications of malignant hyperthermia can be life-threatening unless they are treated promptly.
Malignant hyperthermia and muscle rigidity after anesthesia has been reported previously in three children with FSS [29, 30] .
Structural anomalies of the oropharynx and upper airways, which are commonly diagnosed in these patients, are a constant concern in cases of need for general anesthesia, not uncommon due to the various types of corrective surgery that are usually necessary in FSS. Among the several studies that approached this matter specifically, we would like to emphasize that of Munro et al. [31] , which was directed to pediatric patients. Most often, tracheal intubation via direct laryngoscopy cannot be carried out in FSS pediatric patients. Robinson [32] reported a case of FSS combined with severe upper airway obstruction that required neonatal tracheostomy.
Due to the abnormal muscle physiology in FSS, therapeutic measures may have unfavorable outcomes [33] . Difficult endotracheal intubations and vein access complicate operative decisions in many DA2A patients. Cruickshanks et al. [34] reports uneventful use of non-MHtriggering agents. Reports have been published about spina bifida occulta in anesthesia management [35] and cervical kyphoscoliosis in intubations [36] .
Conclusion
Freeman-Sheldon syndrome is heterogeneous not only in its clinical presentation but also in its genetic transmission. It is very important to be informed about the existence of more than one form of hereditary transmission of this syndrome, since genetic counseling should take into consideration all possibilities.
Until the gene for FSS is mapped, it is impossible to carry out prenatal diagnosis of the disorder through direct DNA analysis. However, Robbins-Furman et al. [37] were able to carry out prenatal diagnosis of FSS in a 20-week-old fetus using positive family history and ultrasonographic findings. The author's findings were based on ultrasonographic features of abnormalities of the extremities of the fetus.
The follow-up of FSS pediatric patients requires support and special care including prolonged orthodontic and orthopedic treatment. Physical therapy can improve gait. Surgical correction of microstomia is important from both the aesthetic and functional points of view in relation to food intake and in this sense, good results have been reported [38] .
There is no specific therapy for FSS. However, patients benefit from early intervention with occupational and physical therapy and/or surgery. Life expectancy and cognitive abilities are normal.
Though respiratory challenges and complications faced by a patient with FSS can be numerous, the syndrome's primary involvement is limited to the musculoskeletal systems, and satisfactory quality and length of life can be expected with proper care.
